Two trials were conducted with mature cows to develop prediction equations for estimating carcass composition from live animal measurements. Trial 1 involved 82 animals that were used to develop these equations. Subjective criteria (frame and condition scores) also were utilized along with live weight in development of prediction equations. Equations using subjective independent variables predicting energy and carcass tissue weights apparently were slightly more variable in precision (R 2 = .69 to .91) than those developed with objective variables (R 2 = .74 to .90). Equations predicting percent compositions from subjective variables had lower coefficients of determination (R 2 --.49 to .76) than those developed with objective variables (R 2 = .63 to .83). Fortyone animals similar to those used in Trial 1 served as a test group in Trial 2. Measured carcass composition was regressed on composition predicted by equations developed in Trial 1. These equations generally had slopes and intercepts with confidence intervals that included 0 and 1, respectively, indicating that most of the prediction equations were unbiased. This work indicates that carcass composition can be predicted from both objective and subjective measurements, with some accuracy and precision.
Introduction
An accurate method for estimating body composition in the live beef cow is essential for determination of energetic efficiency, salvage value and desirable for possible determination of the likelihood of reproductive success. Energy storage relative to energy intake is of particular importance in studies involving producing cows. Characteristics to be considered in comparing techniques estimating composition are accuracy, precision, ease of measurement, cost, degree of disruption to animal performance or management and breadth of application (variation in body type, breed and age).
An array of methods for measuring body or carcass composition from the live animal has been previously described including estimates from weight (Reid et al., 1968) , 4~ measurement (Frahm et al., 1971) , dye dilution (Wellington et al., 1956) , urea dilution (Bartle et al., 1983) , tritium oxide dilution (Bird et al., 1982) and deuterium oxide dilution (Crabtree et al., 1974) . Most of these techniques have been developed for growing animals with limited application to the mature beef cow. With the exception of those estimates based on weight, all procedures are intensive and not applicable to free-grazing animals in sufficient numbers for many current research objectives. The objective of this study was to develop equations predicting carcass composition for a wide range of mature COWS.
Materials and Methods
Two trials were performed involving 123 mature (as determined by carcass cartilege analysis) cows representing a wide range of body types, condition scores and frame sizes (table 1) . These animals were representative of "surplus" cows from the industry. Breeds represented were Hereford, Angus, Simmental, Charolais, Red Poll, Jersey and Holstein.
Trial 1. Eighty-two cows were utilized in Trial 1. At 1400 (6 to 12 h after delivery), cows were individually weighed, identified and measured. Linear measurements were: 1) diameter of heart girth in the region of the sixth rib; 2) hook width, distance between extremities of the tuber coxae; 3) hook to pin, anterior edge of tuber coxae to the posterior extremity of the tuber ischii; 4) shoulder to pin, posterior edge of the humerus to anterior point of the tuber coxae and 5) wither height. Ultrasonic 6 fat estimates were obtained between the first and second ribs and between the 12th and 13th ribs approximately 10 cm lateral to the body midline. Animals were slaughtered upon completion of live animal data collection.
Carcasses were weighed immediately after removal of hide, head and feet. After 48 h chill at 2 C, loin eye area and fat cover at the 12th rib adjusted for visually estimated body fat distribution were measured. Percent kidney, heart and pelvic fat, marbling score and maturity score data were also estimated by USDA meat grading personnel.
After collection of carcass measurements, the wholesale plate was removed according to procedures outlined by Orts (1962) and physically separated into soft tissue (muscle and fat) and bone. The soft tissue was thoroughly mixed and ground through a .5-cm plate 7. A representative aliquot of approximately 5 kg was obtained from each sample and thoroughly homogenized 8 for 1 min. Two random 1-kg subsamples were frozen at -40 C and stored at 0 C until protein, fat and moisture analysis (AOAC, 1975 reported by Marchello et al. (1979) using the wholesale plate data. Carcass percent values were then calculated by dividing by hot carcass weight. Carcass energy was calculated from protein, fat and bone data using energy values reported by Reid et al. (1968) .
Simple correlations were calculated among all live and carcass measurements. Live animal measurements were used as independent variables in stepwise multiple regression procedures (maximum R 2) to determine the simplest equations adequately predicting carcass measurements. When breed was forced into these equations it did not impact precision or accuracy. Therefore, those equations are not presented.
Trial 2. Forty-one mature cows similar to those in Trial 1 were measured using the same procedures as in Trial 1. Trial 2 provided animals to test equations developed in Trial 1.
Two preliminary analyses were conducted to determine the adequacy of equations developed by Marchello et al. (1979) . It was deemed necessary to test the applicability of equations developed with Hereford cows to the broader range in body type and breed character of experimental units used in this study. The left sides were separated into soft tissue and bone fractions. Soft tissue was thoroughly mixed and ground as described above. Three random subsamples were analysed for fat, protein and moisture (AOAC, 1980) . Regression of calculated carcass weights and percentages of protein, fat and bone from Marchello et al. (1979) equations applied to data from the right side on determinations performed on the left side, indicated that Marchello's equations were both precise and accurate. That is, the coefficients of determination were greater than .90, coefficients of variation were less than 10% and residual plots indicated no lack-of-fit. Thus, the equations developed by Marchello et al. (1979) were deemed satisfactory for estimation of body composition in the present data set. Since these equations were not modified, this test was considered independent of other analyses.
Equations developed by Marchello et al. (1979) used carcass weight obtained after a 7-d chill, while carcasses in this study were weighed immediately after slaughter. Regression equations utilizing an independent data set were developed predicting 7-d chilled carcass weight from hot carcass weight. A set of 30 cows similar to the 123 experimental animals were slaughtered and processed in a manner similar to that used in this experiment. These animals were weighed immediately after slaughter and every 24 h thereafter until a stable weight was obtained. Carcass weight was regressed on time post-chill to obtain an equation to adjust hot carcass weight to a 7-d weight. This equation was very precise (R 2 = .99, C.V. = 5%) and was used in calculations in both trials. Carcass gross energy, protein, fat and bone were predicted for animals in Trial 2 from equations with the highest R 2 in Trial 1. This procedure resulted in caloric values similar to those reported by Shake and Riggs (1973) . Estimates obtained through the equations developed by Marchello et al. (1979) were regressed on predicted values in order to examine the live-animal equations for lack of fit. Residual plots from these regressions were examined for trend.
Results and Discussion
The range in the data set was deemed representative of the mature Bos taurus beef cattle population in the United States (table 1) . The two samples used to develop and test prediction equations were quite similar (table  1) .
Simple Linear Correlations. Correlations of live weight with other live animal measurements were about .7, except for those with ultrasonic fat and condition score, which were .36 (table  2) . The correlation between live weight and fat cover was also .36. Apparently, the sample had a large variation in fatness independent of weight. Thompson et al. (1983) showed high correlations among condition score, heart girth and empty body fat, but indicated that the correlations were greater for British (r = .58 to .78) than for British-dairy crosses (r = .10 to .51). Correlations of conditon score with carcass composition variables were greater in this study than those with empty body fat reported by Thompson et al. (1983) , although the sample in the present study consisted of British, continental and dairy types. In the study of Thompson et al. (1983) , however, empty body fat was determined via D20 dilution.
Frame score was most highly correlated with wither height, but was also correlated with other linear measurements. Frame and condition scores were independent. As previously shown by Nelson et al. (1985) , heart girth was more highly correlated with live weight than with other live animal measurements. Carcass energy was positively correlated with all variables except bone weight. Some of these positive correlations possibly are inflated because of part-whole relationship of body size and total carcass energy. Ultrasonic fat measured between 12th and 13th ribs had higher correlations with other measures of fatness than measurements at first and second rib interface. Leymaster et al. (1985) also found that multiple ultrasonic measurements did not markedly increase precision of prediction of lamb carcass fat over single measurements. Therefore, ultrasonic fat measurements between first and second ribs were not reported.
Carcass protein and fat (kg) generally were positively correlated with all variables. Live animal variables most highly correlated with carcass protein were weight, heart girth and hook width. Live animal estimates having the highest relationships with carcass fat were weight, ultrasonic fat, heart girth and condition score. Carcass bone (kg) was negatively correlated with ultrasonic fat, carcass energy, fat weight and condition score, possibly because of the dilution effect of fat on the nonfat body.
Equations Based on Objective Measurements. Live animal objective variables contributing (P<.05) to equations predicting carcass composition were live weight, ultrasonic fat (curvilinear) and wither height (table 3). The same independent variables were important in the "best" (highest R 2) equations for all dependent variables.
Equations with the highest coefficients of determination were those encumbered with part-whole relationships (gross energy and protein, fat and bone weight, R 2 = .74 to .90). Equations predicting percentages of carcass protein, fat and bone had R 2 ranging from .63 to .83. These equations had higher R 2 than those reported by Thompson et al. (1977) , Fortin (1980) and Purchas and Beach (1981) for ultrasonic prediction of carcass components (both weight and percentage) in sheep. In general, equations predicting fat or fat-related carcass variables had positive coefficients for live weight, ultrasonic fat and wither height, although the relationship with ultrasonic fat was curvilinear. Ferrell and Jenkins (1984) reported equations predicting empty body fat (weight and percentage) and energy (Mcal and Mcal/kg) for mature cows. Their sample had as much variation in breed type but, on the average, was about twice as fat as the experi- ~o N N mental animals used in this study. They also reported R 2 similar to this study ranging from .64 to .87 when live weight, hook height and probed backfat were used as independent variables. Their equation for prediction of total energy had similar R 2 to those reported here. In contrast to the present study, their equations showed negative coefficients for height and linear relationships with backfat. Apparently when leaner cattle with a large variation in height are included in the sample, height has positive relationships and fat has curvilinear relationships to carcass energy. Total weight of protein was positively related to live weight, wither height and ultrasonic fat. The equation predicting carcass percent protein had negative coefficients for ultrasonic fat, live weight and wither height.
Equations Based on Weight and Scores. Equations based on subjective measurements had higher R ~ for predicting carcass protein and energy (table 4) than for predicting other carcass variables. The independent variables for the "best" equations predicting all dependent variables were live weight, condition and frame scores. Equations predicting composition as percent of carcass had lower R ~ and higher standard deviations than those predicting weight. Also, R ~ were generally lower and standard deviations higher for subjective as compared to objective equations. Partial coefficients indicated that heavier animals with higher condition scores and larger frame sizes had carcasses with more energy, more fat as percentage or as total weight of carcass and more total protein. Percent carcass protein and bone tended to decrease as live weight, condition score and frame score increased. Also, total bone tended to decrease as condition score increased. This would be expected if accumulations of fat within a frame size and live weight dilute nonfatty components. The negative partial coefficients for live weight and frame score in equations predicting carcass percent protein and bone are more difficult to explain but express a similar relationship, as shown by the negative partial coefficients for live weight and wither height in equations predicting percent protein and bone in 
Test of Equations.
A test of accuracy of these equations in the independent data set of Trial 2 is shown in table 5. The equations exhibiting the greatest degree of fit were those predicting fat (as percentage or as total weight) and energy of the carcass as judged by equations with intercept and slope confidence intervals that included 0 and 1, respectively. Equations involving objective measurements generally had slightly lower standard deviations and higher R 2 than those involving subjective measurements. This difference, however, was small compared with the large difference detected in the original equations. Apparently, when applied to an independent data set, the utility of subjective measurements is only marginally less than that of objective measurements. Equations with the greatest bias were subjective estimations of carcass bone weight and percent protein. These equations provided under-estimates for animals having small amounts of protein and bone and overestimates at the other end of the range. This bias, however, was small within the range of these data.
Other equations provided relatively unbiased estimates, although precision was low for some (e.g., R 2 of .20 for prediction of percent carcass protein). All of the objective equations had intercepts and slopes quite similar to 0 and 1 respectively. The equations having the greatest precision and accuracy predicted carcass energy and fat (percent and total weight).
It appears that objective and subjective measurements can be quite useful in predicting carcass composition, even for animals that cannot be characterized according to breed, age or reproductive status. Ferrell et al. (1976) also has indicated that pregnancy does not affect the relationships among carcass composition, empty body weight and carcass density.
